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Muon dipole moments

A Analogous to the magnetic dipole moment (MDM), charged
particles might also have an intrinsic electric dipole moment (EDM):
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A Why muon EDM? L

A SM muon EDM well below the range of current experiments

A d.E is CP-odd, so observation gives a new source of CP violation in 107%
the lepton sector

: .. : 10%
A Previous best limit was set at Brookhaven National Laboratory
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The new g-2 experiment at FNAL

A Polarised muons injected into a storage ring,
ring magnet provides a field of 1.45T.

A Magnetic field causes the direction of spin to
precess in a plane.

A Positrons from decay preferentially emitted
along the spin direction.

A Can then analyse the decay with 24
calorimeters + 2 straw tracker stations.
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How do we look for an EDM?

A An EDM tilts the precession plane i can
detect by looking at the average vertical
angle in the trackers.

A Previous result statistically limited, FNAL
aiming for a 21-fold improvement in stats.

A Many more tracks i FNAL trackers can turn

on sooner, are placed in the vacuum closer
to the beam.

A FNAL EDM analysis aim is an improvement
on the old limit of two orders of magnitude
(~ 1021 Qg 9.
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Keeping the analysis blind

ATo not bias analysis, work oO6blindd similar
MDM analyses.
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Fitting the average vertical angle

A Plot modulo the g-2 period i overlays oscillation,
and averages out any other oscillations at the
wrong frequency (e.g. beam maotions).

A Fix phase and frequency.

A Longitudinal magnetic field also tilts the plane,
but in phase with g-2 1 so fit simultaneously for
both an in phase component and an out of phase
component:
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A Radial field:

ATilts the precession plane,

signal.

A Uncertainty on this tilt contributes to EDM
uncertainty i important to measure well!

A Acceptance and dilution:
A Amplitude of EDM oscillation is momentum
dependent.
A Not all positrons will reach the trackers and be
detected.

A Both effects momentum dependent and quite
complex i correction estimated from simulation.

A Statistical uncertainty i need good quality tracks to
reliably extrapolate to the vertex.
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Predicted EDM sensitivity
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Measuring the radial field (B,)

A Find surface coil setting which cancels out
the background radial field. <Blt>=0=< B;‘lpp St < Bfkg >

AThis is the point where 't
change with quad voltage.

’

Run 5 scan
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A Scans performed in run 4 and 57 both
achieved better than 1ppm precision target to 20
not be radial field limited.

A Planningtocrossc heck t hi s 6i n 40
measurement with a hall probe measurement o
this summer.
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Analysis status

A Run 17 nearly complete, unblinding soon, result
expected to be at least as strong as BNL.

A All 4 sub-datasets analysed.

A Radial field estimated to sufficient precision.

A Acceptance corrections calculated from MC.

A Final systematics considerations in progress.

A Run 2/3 analysis i currently underway

A Higher stats so systematic effects become more
important.

A Combination will have sufficient stats to improve
on BNL limit.
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Conclusions and outlook

A A secondary physics goal of FNAL g-2 is to
measure the muon EDM, to improve the
previous limit set at BNL.

A Run 1 and Run 2/3 analyses underway,
together will improve on the BNL limit.

A still lots more data to goi Run 4 and Run 5.
A Final EDM result will be a combination.

A Overall, on track to set a world-leading limit on
the muon EDM T so watch this space!

FANN

EDM analysis status summary:

Still to go!
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